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® Process for oxidising aleotiols to aldehydes and,or icetones. 

§iA^'^' oxidiaing primary and-or secondary alco- 
t'ves ketone derive- 

«im« ■^y.^OO^I peroxide in the presence of synthetic 
2eoIrtes containing titanium atoms, of general formula: 

xTiO,. <1-x|SIOi. 

where X lies between 0.0OO1 and ao4. and possibly in the 
presence of one or more solvert*. operating a. a temjera! ' 
ture of between JO" and 10«m ""npera- 
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This invention relates to & process for oxidising primary and/or sec- 
ondary alcohols to the corresponding aldehyde and/or ketone derivatives 
by means of hydrogen peroxide, using a synthetic zeolite as catalyst. 
Various processes for the stoichiometric oxidation of primary and 
secondary alcohols are known, using metal salts or metal oxides as 
catalyst. ' 

The metal salts mostly used for these reactions are platinum, 
palladium, ruthenium, copper and cobalt salts to which an oxidising 
agent is added, this being either hydrogen peroxide (for Pt and Pd) 
or oxygen (for Ru, Cu and Co). 

The metal oxides mostly used are V^O,. VLvOa and CrO . 

2 5 ■* 3 

However, the aldehydes and ketones obtained from alcohols by using 

the aforesaid catalysts have the drawback of oxidising rapidly to 
the corresponding carboxyllc acids. 

We have now surprisingly found that a synthetic zeolite containing 
titanium atoms is able to selectively oxidise primary and secondary 
alcohols to the corresponding aldehyde and ketone derivatives by 
means of H^O^. without the aldehydes and ketones subsequently 
oxidising to the corresponding carboxyllc adds. 
The subject matter of the present invention Is a process for 
oxidising primary and/or secondary alcohols to the corresponding 
aldehyde and/or ketone derivatives, consisting of reacting said 
alcohols with an aqueous solution of hydrogen peroxide in the 
presence of synthetic zeolites containing titanium atoms (titanium 
sillcalltes), of general formula: 
xT102.(l-x)S102, 

where x lies between 0.0001 and 0.0«, and possibly in the presence 
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of one or more solvents. 

The synthetic zeolites used for the epoxldatlon reaction are 

described in Belgian patent 886,612, of which we repeat some points 

illustrating the material and relative method of preparation* 

The composition range of the titanium silicalite expressed in terms 

of molar ratios of the reagents is as follows: 

Molar ratio of reagents preferably 

SiO^/TiP^ 5-200 35-65 

on/S±0^ 0.1-1.0 0.3-0.6 

H^O/SiO^ 20-'200 60-100 

Me/SiO^ 0.0-0.5 0 

KN^/SiO^ 0.1-2.0 O.A-1.0 

R N*^ indicates the nitrogenated organic cation deriving from the 

organic base used for the preparation of the titanium silicalite 

(TS-1). 

Me is an alkaline ion, preferably Na or K. 

The final TS-1 has a composition satisfying the formula 

xTiC^ .(l-x)SiQ^ , where x lies between 0.0001 and 0.04, anU preferably 

between 0.01 and 0.025. The TS-1 is of the silicalite type, and 

all the titanium substitutes the silicon. 

The synthetic material has characteristics which are shown up by 
X-ray and infrared examination. 

The X-ray examination is carried out by means of a powder dlff ractometer 
provided with an electronic pulse counting system, using the radiation 
CuKc^ . The titanium silicalites (TS-1) are characterised by a X-ray 
diffraction spectrum as shown in Irigure lb. This spectrum is similar 
overall to the typical spectrum of silicalite (Figure la), however 
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it has certain clearly "single" reflections where double reflections 
are evident in the pure sillcalite spectrum. 

Because the spectral differences between TS-1 and silicalite are 
relatively sraall, special accuracy is required in the spectral 
determination. For this reason TS-1 and silicalite were examined 
by the same apparatus, using Al^O^ as the internal standard. 
Table 1 shows the most significant spectral data of* a ^S-1 where 
X - 0.017, and of a pure silicalite. 

The constants of the elementary crystalline cell were determined 
by the minimum square method.' on the basis of the interplanar 
distances of 7-8 single reflections lying within the range of 
10-40" 26^. 

A large proportion of the interplanar distances of TS-1 are 
tendentially greater than the corresponding distances of pure 
15 silicalite, although only slightly, which is in accordance with the 
larger predictable value of the Ti-0 bond distance relative to that 
of the Si-0 bond distance. 

Pas-sage from a double reflection to a single reflection is interpreted 
as a change from a monoclinic symmetry (pseudo orthorhombic) 
(silicalite) to an effective orthorhombic symmetry, "titanium 
silicalite" (TS-1). I„ Figure 1, the most apparent aforesaid 
spectral differences are indicated by arrows. 

INFRARED EXAMINATION. TS-1 shows a characteristic absorption band . ' 
at about 950 cm"! (see Figure 2, spectra B, C and D) which is not 
25 present in the' pure silicalite spectrum (Figure 2, spectrum A), and 
is also absent in titanium oxides (rutile, anastase) and in alkaline 
tltanates. 

Spectrum B is that of TS-1 with 5 molZ of TiO^. spectrum C is that 
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of TS-1 with 8 molX of TIO^, and spectrum D Is that of TS-1 with 

2.3 mol7 of TiO . 

2 

As can be seen from Figure 2> the band intensity at approximately 
950 cnT^ increases wirh the quantity of titanium which substitutes 
the silicon in the silicalite structure. 

MORPHOLOGY, From a morphological aspect » TS-1 is in the form of 
parallelepipeds with chamfered edges. A X-ray micrbprobe examination 
has shown that the titanium distribution within the crystal Is 
perfectly uniform, thus confirming that the titanium substitutes 
the silicon in the silicalite' structure, and is not present in other 
forms . 

The process for preparing titanium silicalite comprises the preparation 
of a reaction mixture consisting of sources of silicon oxide, 
titanium oxide and possibly an alkaline oxide, a nitrogenated organic 
base and water, the composition in terms of the molar reagent ratios 
being as heretofore defined. 

The silicon oxide source can be a tetraalkylorthosllicate, preferably 
tetr^aethylorthosllicate, or simply a silicate in colloidal form, or 
again a silicate of an alkaline metal, preferably Na or K. 
The titanium oxide source is a hydro lysable titanium compound 
preferably chosen from TiCl^, TiOCl^ and Tl(alkoxy)^, preferably 

The organic base is tetraalkyl ammonium hydroxide, and in particular 
tetrapropyl ammonium hydroxide. 

The reagent mixture is subjected to hydrothermal treatment in an 
autoclave at a temperature of between 130 and 200*C under its own 
developed pressure, for a time of 6-30 days until the crystals of 
the TS-1 precursor are formed. These are separated from the mother 
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solution^ carefully washed with water and dried. When in the 

anhydrous state they have the following composition: 

+ 

xTiO .(l-x)SiO . 0,OA(RN ) 0. 
2 2 2 

The precursor crystals arc heated for between 1 and 72 hours in air 

at 550^0 to completely eliminate the nitrogenated organic base. The 

final TS-1 has the following composition: 

^tTiOg. (l-x)Si02, where x is as heretofore defined. " « 

Chemical and physical examinations are carried out on the products 

thus obtained* 

The alcohol oxidation reaction is conducted at a teinperature of 
between 20° and lOO^^C, preferably under reflux. 
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a) Prepared "by the method of U.S. Patent 4,06l,724| product 
calcined at 550°C. 
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The hydrogen peroxide in the aqueous solution is between 10 and 
70% w/v. 

The reaction can be conducted in the absence of solvents if the 
alcohol is liquid at the reaction temperature* or in the presence 
of a non*oxidisable solvent. 

The solvent used can be a polar substance such as tertiary alcoholsj 
ketones 5 ethers or acids y having a number of carbon atoms which 
is not too hi£>;h» and preferably less than or equal to 6« 
Tert.butanol is the most preferred of the alcohols, and acetone 
or methyl isobutylketone the most preferred of the ketones* 
By way of example, alcohols vhich can be oxidised to aldeh3^es 
and/ or ketones include benzyl alcohol, 1-heptanol, 1-octanol, 
isopropyl alcohol, anise alcohol and C3rclohexanol« 
Some examples illustrating the manner of operating the process 
according to the invention are given* hereinafter, but must not 
be considered as limitative thereof. 
EXAMPLE 1 

38 g of acetone, A5.4 g of benzyl alcohol and 2 g of catalyst 
are fed into a 250 cc three-neck flask fitted with a bulb 
condenser. 

When boiling is attained (70^C), 0.074 moles of aqueous hydrogen 
peroxide (365t w/v) are added. 

On termination of the reaction, 7.1 g of benzaldehyde are obtained 
with an ^^^^^ 90.5%. Benzoic acid is not formed. 

EXAMPLE 2 

OperaLing as in the preceding example but feeding 3 g of catalyst, 
7.4 g of benzaldehyde are obtained with an H^O. yield of 94.3%, 
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Benzoic acid is not formed. 
EXAMPLE 3 

2A,l6 p, of 1-heptanol, 39,68 g of methanol and 3 g of catalyst 
are fed into a 250 cc three-neck glass flask fitted with a bulb 

5 condenser, the operating temperature being 65^C» 

A. 5 cc of 36^ w/v aqueous hydrogen peroxide are added drop by drop. 
On texnination of the reaction^ 3,38 g of aldehyde (heptanal) are 
obtained CH^O^ yield 6l«8%)« Heptanoic acid is -not fomed* It should 
be noted that the 1-heptanol is selectively oxidised ^ notwithstanding 

10 the fact that methanol alone is dxidlsablet 

EXAMPLE 4 

Operating as in Example 3 but using 39 g of acetone instead of 
methanol <T = 6o^C), 4 g of aldehyde are obtained (HjO^ yield 6l.8%>. 
Heptanoic acid is not formed, 
15 EXAMPLE 5 

, Operating as in Example A, but using 1-octanol (8.29 g) as substrate 
and 2 cc of 36% w/v aqueous hydrogen peroxide, 2 g of aldehyde are 
isolated (H^O^ yield Octanoic acid is not formed. 

1^ EXAMPLE 6 

20 50 cc of methanol (AO g), 20 g of cyclohexanol, 6 cc of 36% w/v 
aqueous hydrogen peroxide and 3 g of catalyst are fed into a glass 
autoclave* 

After A hours at 88^C, 95.6% of the fed hydrogen peroxide has 
reacted. 

25 5.6 g of cyclohexanone are obtained with an H^0« yield of 90%, 
iJLftHPLE 7 

About 50 cc of isopropyl alcohol (AO g), 6 cc of 30% w/v aqueous 
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bydronen peroxide and 3 g of catalyst are fed into a glass 
autoclave. 

The opGFatine temperature is 80°C. 3 g of ketone are obtained 
with a hydrogen peroxide yield exceeding 90?:. 
EXAMPLE 8 

11,15 B of anise alcohol, 39 g of acetone, 2 g of catalyst and 
2 cc of 36% w/v aqueous hydrogen peroxide are placed' in the glass 
flask. 

Operating at 80°C, 3 g of anisaldehyde are obtained (H^O^ yield 9A%). 
BCAMPLE 9 

g of benzyl alcohol, 2 g of catalyst and 39 g of acetone are 
placed in a flask. 25 cc of 10% H^O^ are added. 7,3 g of 
benzaldehyde are obtained. The reaction temperature is 65^C. 
EXAMPLE 10 

Operating as in Example 9 but using 3.5 cc of 69% H^O^j 7.1 g of 
benzaldehyde are obtained* 
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CLAIMS: 

1. A process for oxidising primary and/ or secondary alcohols 

to the corresponding aldehyde and/ or ketone derivatives, characterised 
ty reacting said alcohols with an aqueous solution of hydrogen 
peroxide in the presence of synthetic zeolites containing titanium 
5 atoms, of the following general forroula: 

>fl-i02.(l-x)Sib2 ' ^ 

where x lies between O.OOOX and O.OA, and possibly in the presence 
of one or more solvents* 

2. A process as claimed in ' claim 1, characterised in that the ' 
10 oxidation reaction is conducted at a temperature chosen between 

20° and 100**C. 

3* A process as claimed in claim 1, wherein the hydrogen 

peroxide is in dilute aqueous solution. 

4. A process as claimed in claim 1« wherein the hydrogen 
15 peroxide in aqueous solution is between 10 and 70% w/v. 

5. A process as claimed in claim 1« wherein the solvent is 
polar. 

^6, A process as claimed in claim wherein the polar solvent 

is chosen from tertiary alcohols, ketones, ethers and acids, having 
20 a number of carbon atoms less than or equal to 6, 

7. A process as claimed in claim 6, >gherein the solvent alcohol 
is tert.butanol. 

8, A process as claimed in claim 6, wherein the solvent ketone 
is acetone or methylisobutylketone* 

25 9. A process as claimed in claim 1, wherein the alcohols to 

be oxidised are chosen from benzyl alcohol, 1-heptanol, 1-octanol, 
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isopropyl alcohol and anise alcohol. 

10. A process as claimed in claim 1, wherein the reaction is 
conducted in the absence of solvents if the substrate is liquid 
at the reaction temperature* 




r 




t 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SmES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



